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(7) ABSTRACT

The present invention relates to a dispersion-compensating
module having a structure which compensates for the dis-
persion of an optical transmission line in a 1.55-um wave-
length band and adjusts loss fluctuations among signal
wavelengths in the 1.55-um wavelength band into an appro-
priate range. The dispersion-compensating module com-
prises a structure adapted to be installed in an already
installed optical fiber transmission line, and has a loss slope
with a polarity opposite to that of the optical fiber transmis-
sion line in the 1.55-um wavelength band. One application
of the dispersion-compensating module comprises a
dispersion-compensating optical fiber as a dispersion-
compensating device, and an optical fiber doped with a
transition metal element as a loss-equalizing device. By the
above configuration, the loss fluctuations among individual
signal wavelengths in the whole transmission line including
the dispersion-compensating module can be adjusted by the
loss-equalizing device in the dispersion-compensating mod-
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1
DISPERSION-COMPENSATING MODULE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a dispersion-
compensating module which improves the transmission
quality of large-capacity, high-speed optical transmission
systems of WDM (Wavelength Division Multiplexing) type.

2. Related Background Art

A WDM type optical transmission system is a system
which transmits a plurality of signal light components within
a 1.55-um wavelength band (1.53 um to 1.57 yum) by way of
an optical fiber transmission line network, and enables
large-capacity, high-speed optical communications. This
optical transmission system comprises an optical amplifier
for optically amplifying a plurality of signal light
components, collectively, and the like, in addition to an
optical fiber line which is a transmission medium. In such
WDM communications, various studies and developments
are under way in order to enable communications with
further larger capacity and higher speed.

One of important subjects to be studied concerning the
optical transmission line is reduction of dispersion in a
signal wavelength band. Namely, each signal light compo-
nent has a certain bandwidth even though it is monochro-
matic. As a result, when dispersion occurs in the signal
wavelength band in the optical transmission line, the signal
light components having reached a receiving station by way
of the optical transmission line after being sent out from a
transmitting station deform their waveforms, thereby dete-
riorating their reception. Therefore, in the signal wavelength
band, it is desirable that the dispersion in the optical trans-
mission line be as small as possible.

However, standard single-mode optical fibers (hereinafter
referred to as SMF), having a zero-dispersion wavelength in
a 1.3-um wavelength band, already installed as an optical
transmission line have a dispersion of about 16 ps/nm/km in
a wavelength band of 1.53 um to 1.57 um which is used in
WDM communications. Many of already installed optical
transmission lines are constituted by such an SMF.
Therefore, a dispersion-compensating module is disposed
within a repeater in order to compensate for the dispersion
of the optical transmission line, while making use of such an
already installed optical transmission line.

With respect to the dispersion over the whole length of the
optical transmission line to be compensated for, the
dispersion-compensating module generates a dispersion
having an opposite polarity with substantially the same
absolute value. Specifically, the dispersion-compensating
module comprises a dispersion-compensating optical fiber
having a dispersion with a polarity opposite to that of the
dispersion of the optical transmission line (including SMF),
and compensates for the dispersion of the optical transmis-
sion line (including SMF) by adjusting the dispersion-
compensating optical fiber to an appropriate length. Also, for
reducing the size of the dispersion-compensating module, it
iS a common practice to wind the dispersion-compensating
optical fiber into a coil having a small diameter.

SUMMARY OF THE INVENTION

The inventors have studied conventional dispersion-
compensating modules and, as a result, have found out the
following problems.

Recently, in optical amplifiers, the width of a signal
wavelength band which can collectively be optically ampli-

10

15

20

25

30

35

40

45

50

55

60

65

2

fied has been expanded, and gain deviations in optically
amplifiable signal wavelength bands have been reduced in
order to improve the versatility thereof. On the other hand,
inter-wavelength loss deviations (fluctuations in loss among
signal wavelengths) occurring in the optical transmission
line in the signal wavelength band are too large to neglect.
Also, since inter-wavelength loss deviations in the signal
wavelength band occur to a certain extent in a dispersion-
compensating optical fiber as well, it is necessary to improve
loss deviations in the whole transmission line including the
conventional dispersion-compensating modules.

When a plurality of stages of conventional dispersion-
compensating modules and optical amplifiers are disposed in
such an optical transmission line; even if a plurality of signal
light components sent out from a transmitting station exhibit
no inter-wavelength optical power deviation at the time
when sent out, they will generate an optical power deviation,
due to inter-wavelength loss deviations, while they are
propagating through the optical transmission line and con-
ventional dispersion-compensating modules, and the optical
power deviation is expanded by optical amplifiers having a
small gain deviation. Since inter-wavelength optical power
deviations are accumulated in the plurality of signal light
components reaching the receiving station, a part of the
signal light components may become weak, thereby gener-
ating reception errors.

In order to overcome the above-mentioned problems, it is
an object of the present invention to provide a dispersion-
compensating module having a structure which compensates
for the dispersion of optical transmission lines in a 1.55-um
wavelength band (1.53 ym to 1.57 um) and adjusts loss
fluctuations among signal wavelengths into an appropriate
range.

The dispersion-compensating module according to the
present invention is generally installed between repeaters
together with an optical amplifier, whereas the object to be
compensated for thereby is an SMF which is laid between a
transmitting station and a receiving station, between repeater
stations, between the transmitting station and a repeater
station, or between a repeater station and the receiving
station. For being installed on an already installed optical
fiber transmission line and constituting a part of the line, the
dispersion-compensating module comprises an input end for
capturing signal lights propagating through the optical fiber
transmission line and an output end for sending out the
signal lights into the optical fiber transmission line, has a
positive loss slope in a 1.55-um wavelength band, and
further comprises a structure for allowing the dispersion
generated in a predetermined length of the optical fiber
transmission line to be compensated for and loss deviations
among individual signal wavelengths to be adjusted into an
appropriate range.

Specifically, the dispersion-compensating module accord-
ing to the present invention comprises a dispersion-
compensating device and a loss-equalizing device. The
dispersion-compensating device compensates for the disper-
sion of the above-mentioned optical fiber transmission line
in the 1.55-um wavelength band. Also, for compensating for
the wavelength dependence of loss in at least the above-
mentioned optical fiber transmission line and dispersion-
compensating device, the loss-equalizing device adjusts the
total loss slope of the optical fiber transmission line includ-
ing the dispersion-compensating module such that the loss
deviations among individual signal wavelengths in the 1.55-
um wavelength band caused by propagation in the optical
fiber transmission line and dispersion-compensating device
falls within the appropriate range.
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In this specification, “loss slope” refers to the gradient of
a graph indicating the wavelength dependence of transmis-
sion loss. Also, the above-mentioned optical fiber transmis-
sion line is an SMF having a zero-dispersion wavelength in
a 1.3-um wavelength band; and, letting L be the length of the
above-mentioned SMF, and Cr be the absolute value of a
permissible manufacturing error, the total loss slope (dB/
nm) of the dispersion-compensating module in the 1.55-um
wavelength band is greater than O but not greater than
0.000175xL+a. In general, when an SMF having a zero-
dispersion wavelength in a 1.3-um wavelength band is
employed as an optical fiber transmission line, the loss slope
per unit length of the SMF is about -0.000175 (dB/nrn/km=
dB/(nm-km)). Therefore, the total loss slope of the
dispersion-compensating module is ideally +0.000175xL
when an SMF having a length of L is concerned. In practice,
however, since the manufacturing error o cannot be
neglected, the loss slope (dB/nm) of the dispersion-
compensating module in the 1.55-um wavelength band is
greater than O but not greater than 0.000175xL+c. The
loss-equalizing device controls the loss slope of the whole
modules such that the total loss slope of the optical fiber line,
which includes the dispersion-compensating device in the
module, falls within an appropriate range.

The loss-equalizing device includes an optical fiber, com-
prising a core region doped with a transition metal element
and a cladding region disposed at an outer periphery of the
core region, in which a single mode is secured in the
1.55-um wavelength band. The transition metal element
preferably include Cr or Co, and the amount of compensa-
tion of loss in the loss-equalizing device can be adjusted
when the kind of the transition metal element and the
amount of addition thereof are appropriately regulated.

The above-mentioned loss-equalizing device may include
an optical fiber formed with a long-period grating in which
a propagation mode and a radiation mode are coupled to
each other. Alternatively, the above-mentioned dispersion-
compensating device may be an optical device having, as the
above-mentioned loss-equalizing device, a long-period grat-
ing in which a propagation mode and a radiation mode are
coupled. to each other. In each of these configurations, the
long-period grating, which functions as the loss-equalizing
device, enables loss deviations among individual signal
wavelengths to be adjusted in the whole optical transmission
line without increasing the transmission loss of the whole
dispersion-compensating module. In particular, in the con-
figuration in which the long-period grating, which functions
as the loss-equalizing device, is formed in the optical fiber
functioning as the dispersion-compensating device, the
dispersion-compensating device does not have a connecting
portion which may yield loss. Consequently, it is not nec-
essary to take account of influences of transmission loss in
the connecting portion, whereby loss fluctuations among
individual wavelengths can be adjusted more easily. Here, as
explicitly shown in U.S. Pat. No. 5,703,978, the long-period
grating is a grating which induces coupling (mode coupling)
between a core mode and a cladding mode which propagate
through an optical fiber, and is clearly distinguished from a
short-period grating for reflecting light centered at a prede-
termined wavelength. Also, in the long-period grating, for
yielding a strong power conversion from the core mode to
the cladding mode, the grating period (pitch) is set such that
the optical path difference between the core mode and the
cladding mode becomes 27. As a consequence, since the
long-period grating acts so as to couple the core mode to the
cladding mode, the core mode attenuates over a narrow band
centered at a predetermined wavelength (hereinafter referred
to as “loss wavelength”).
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The above-mentioned loss-equalizing device can also be
realized by fusion-splicing respective end portions of a pair
of optical fibers by fusion. In this case, the fused portion of
the pair of optical fibers functions as the loss-equalizing
device.

Preferably, the optical axes of the pair of optical fibers are
shifted from each other in the fused portion. This fused
portion can also be realized by fusion-splicing the pair of
optical fibers while their core regions are bent. Also, when
a pair of optical fibers each having a core region with an
outside diameter expanding toward the opposed portion is
fusion-spliced to each other, the fused portion can function
as the loss-equalizing device.

Further, the loss-equalizing device may include a fiber
coupler, or an optical fiber bent at one or more parts thereof.
A desirable loss wavelength characteristic can be obtained in
each of these cases.

The present invention will be more fully understood from
the detailed description given hereinbelow and the accom-
panying drawings, which are given by way of illustration
only and are not to be considered as limiting the present
invention.

Further scope of applicability of the present invention will
become apparent from the detailed description given here-
inafter. However, it should be understood that the detailed
description and specific examples, while indicating pre-
ferred embodiments of the invention, are given by way of
illustration only, since various changes and modifications
within the spirit and scope of the invention will be apparent
to those skilled in the art from this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a viewing a schematic configuration of a first
embodiment of the dispersion-compensating module
according to the present invention;

FIGS. 2A to 2E are graphs showing relationships between
loss and wavelength in respective parts in each of
dispersion-compensating modules according to first, second,
fourth, fifth, and sixth embodiments;

FIG. 3A is a graph showing the loss wavelength charac-
teristic of a standard single-mode optical fiber having a
zero-dispersion wavelength in a 1.3-um wavelength band,
whereas FIG. 3B is a graph showing, to a larger scale, the
loss wavelength characteristic of the single-mode optical
fiber in the vicinity of a 1.5-um wavelength band in the
graph shown in FIG. 3A;

FIG. 4A is a graph showing an example of the loss
wavelength characteristic of a loss-equalizing optical fiber
whose core region is doped with Co element (transition
metal element), whereas FIG. 4B is a graph showing, to a
larger scale, the loss wavelength characteristic of the loss-
equalizing optical fiber in the vicinity of the 1.5-um wave-
length band in the graph shown in FIG. 4A;

FIG. 5 is a view showing a schematic configuration of a
second embodiment of the dispersion-compensating module
according to the present invention;

FIG. 6 is a graph showing an example of the loss
wavelength characteristic of a long-period grating;

FIG. 7 is a view showing a schematic configuration of a
third embodiment of the dispersion-compensating module
according to the present invention;

FIGS. 8A to 8D are graphs showing relationships between
loss and wavelength in respective parts in the dispersion-
compensating module according to the third embodiment
shown in FIG. 7,
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FIG. 9 is a view showing a schematic configuration of a
fourth embodiment of the dispersion-compensating module
according to the present invention;

FIGS. 10A to 10C are views for explaining specific
configurations of the fused portion as a loss-equalizing
device in the dispersion-compensating module according to
the fourth embodiment shown in FIG. 9;

FIG. 11 is a graph showing an example of the loss
wavelength characteristic of the fused portion shown in
FIGS. 10A to 10C;

FIG. 12 is a view showing a schematic configuration of a
fifth embodiment of the dispersion-compensating module
according to the present invention; and

FIG. 13 is a view showing a schematic configuration of a
sixth embodiment of the dispersion-compensating module
according to the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the following, embodiments of the dispersion-
compensating module according to the present invention
will be explained with reference to FIGS. 1, 2A to 4B, 5 to
7,8Ato 8D, 9, 10A to 10C, and 11 to 13. In the explanation
of the drawings, constituents identical to each other will be
referred to with numerals or letters identical to each other
without repeating their overlapping descriptions.

First Embodiment

To begin with, a first embodiment of the dispersion-
compensating module according to the present invention
will be explained. FIG. 1 is a view showing a schematic
configuration of the dispersion-compensating module
according to the first embodiment. This drawing shows, in
addition to the dispersion-compensating module 10 accord-
ing to this embodiment, a repeater 1 disposed upstream of
the dispersion-compensating module 10, and an optical
transmission line 2 between the repeater 1 and the
dispersion-compensating module 10.

The dispersion-compensating module 10 according to this
embodiment has an input end 10z and an output end 10b,
and is disposed in a state where a dispersion-compensating
device and a loss-equalizing device are optically connected
to each other in the optical path between the input end 10a
and the output end 10b. In particular, the dispersion-
compensating module 10 is constituted by a dispersion-
compensating optical fiber 11, as the dispersion-
compensating device, and an optical fiber 12 doped with a
transition metal element, as the loss-equalizing device,
which are fusion-spliced to each other at a connecting
portion 13.

The dispersion-compensating optical fiber 11 is an optical
device which compensates for the chromatic dispersion in
the WDM signal wavelength band of the optical transmis-
sion line 2 into which the dispersion-compensating module
10 is inserted. On the other hand, the transition-metal-
element-doped optical fiber 12 is an optical fiber, basically
comprising a core region and a cladding region disposed at
the outer periphery of the core region, in which a transition
metal element such as Cr element, Co element, or the like is
added at least into the core region. When the kind and
amount of the transition metal element added to the core
region are appropriately selected, then the loss wavelength
characteristic of the optical fiber 12 itself is adjusted so as to
compensate for wavelength-dependent loss deviations of the
optical transmission line 2 and dispersion-compensating
optical fiber 11. As a consequence, the total loss fluctuation
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in the signal wavelength band of the optical transmission
line 2 provided with the dispersion-compensating module 10
decreases.

FIGS. 2A to 2E are graphs showing relationships between
transmission loss and wavelength in respective parts in the
dispersion-compensating module according to first embodi-
ment. In particular, FIG. 2A is a graph showing the rela-
tionship between transmission loss and wavelength in a
wavelength band of 1.53 um to 1.57 um in the optical
transmission line 2 employing an SMF having a zero-
dispersion wavelength in a 1.3-um wavelength band. FIG.
2B is a graph showing the relationship between transmission
loss and wavelength in the wavelength band of 1.53 um to
1.57 um in the dispersion-compensating optical fiber 11
functioning as the dispersion-compensating device. FIG. 2C
is a graph showing the relationship between transmission
loss and wavelength in the wavelength band of 1.53 um to
1.57 yum in the transition-metal-element-doped optical fiber
12 acting as the loss-equalizing device. FIG. 2D is a graph
showing the relationship between transmission loss and
wavelength in the wavelength band of 1.53 um to 1.57 um
in the whole dispersion-compensating module 10. FIG. 2E is
a graph showing the relationship between transmission loss
and wavelength in the wavelength band of 1.53 um to 1.57
um in the whole optical transmission line provided with the
dispersion-compensating module 10.

As shown in FIGS. 2A and 2B, each of the optical
transmission line 2 and dispersion-compensating optical
fiber 11 has a transmission loss which becomes smaller as
the wavelength is longer in general in the wavelength band
of 1.53 um to 1.57 um, thus yielding a negative loss slope.
In contrast, as shown in FIG. 2C, the transition-metal-
element-doped optical fiber 12 is a single-mode optical fiber
whose core region is doped with Co element at a concen-
tration of about 10 ppm, which is designed such that its
transmission loss becomes greater as the wavelength is
longer, so as to be able to compensate for wavelength-
dependent loss deviations in view of the loss slopes of the
optical transmission line 2 and dispersion-compensating
optical fiber 11.

Therefore, as shown in FIG. 2D, the total loss in the
dispersion-compensating module 10 is the sum of respective
losses in the dispersion-compensating optical fiber 11 and
the transition-metal-element-doped optical fiber 12, and
becomes greater as the wavelength is longer in the wave-
length band of 1.53 um to 1.57 um, thus yielding a positive
loss slope. As shown in FIG. 2E, the total loss in the optical
transmission line 2 and the dispersion-compensating module
10 is the sum of their respective losses, and yields a
deviation of 0.1 dB or less in the wavelength band of 1.53
um to 1.57 um, whereby its wavelength dependence is
weaker than that of the loss deviation of each constituent.

FIGS. 3A and 3B are graphs showing the loss wavelength
characteristic of a standard SMF having a zero-dispersion
wavelength in a 1.3-um wavelength band. The graph of FIG.
3 A shows the loss characteristic within a wavelength range
of 1200 uto 1700 pum; whereas the graph of FIG. 3B enlarges
a part of FIG. 3A, so as to show the loss characteristic within
a wavelength range of 1480 um to 1620 um. This SMF has
a stepped index type refractive index profile, whose core
region is doped with Ge element while silica is used as a
base. As shown in these graphs, the loss in this SMF per unit
length (km) varies about 0.007 dB/km between wavelengths
of 1530 nm and 1570 nm. In the wavelength band having a
width of 40 nm (=1570 nm-1530 nm), the loss slope of the
SMF per unit length is approximately —0.007/40=-0.000175
dB/nm/km (whereby the loss on the longer wavelength side
tends to become smaller).
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FIGS. 4A and 4B are graphs showing an example of the
loss wavelength characteristic of a loss-equalizing optical
fiber whose core region is doped with Co element. The graph
of FIG. 4A shows the loss characteristic within a wavelength
range of 600 um to 1800 um; whereas the graph of FIG. 4B
enlarges a part of FIG. 4A, so as to show the loss charac-
teristic within a wavelength range of 1500 um to 1600 ym.
This loss-equalizing optical fiber has a stepped index type
refractive index profile, whose core region is doped with Co
element while silica is used as a base. As shown in these
graphs, the loss slope of this loss-equalizing optical fiber is
positive in the wavelength band of 1.53 um to 1.57 um. This
loss slope can be adjusted by the amount of addition of Co
element land the like.

When the SMF is used as the optical transmission line 2,
the loss slope of the optical transmission line 2 in the
wavelength band of 1.53 um to 1.57 um is negative as
mentioned above. Therefore, if the loss slope of the whole
dispersion-compensating module 10 is set positive, then the
total loss in the optical transmission line 2 and dispersion-
compensating module 10 can fall within an appropriate
range.

Specifically, since the SMF employed as the optical
transmission line 2 has al loss slope per unit length of about
-0.000175 dB/nm/km (=dB/(nm'km)) in the wavelength
band of 1.53 ym to 1.57 um, letting L (km) be the fiber
length of the optical transmission line 2, the loss slope
(dB/nm) of the whole dispersion-compensating module 10
in the wavelength band of 1.53 um to 1.57 um is ideally a
value which is greater than O but not greater than 0.000175x
L+a.

The loss slope of the loss-equalizing optical fiber (loss-
equalizing device) is set to an appropriate value by adjusting
the amount of addition of Co element or the like, such that,
while the loss slope of the dispersion-compensating optical
fiber (dispersion-compensating device) is taken into
consideration, the loss slope of the whole dispersion-
compensating module 10 falls within the range mentioned
above. In practice, however, the manufacturing error of the
loss-equalizing optical fiber must be taken into
consideration, whereby the loss slope value S (dB/nm) of the
whole dispersion-compensating module 10 becomes
0<S=0.000175L+o where a is the absolute value of manu-
facturing error of the loss-equalizing optical fiber, which is
specifically about 0.005 dB/nmn (=0.2/(1530-1570)=0.2/
40). This value of manufacturing error means that a differ-
ence between a maximum loss and a minimum loss in the
wavelength range from 1530 nm to 1570 nm(wavelength
width of 40 nm) is 0.2 dB.

When the loss slope of the loss-equalizing optical fiber is
controlled as such, the loss deviations among individual
wavelengths occurring in the optical transmission line 2
exceeding, for example, 80 km and the dispersion-
compensating optical fiber can fall within an appropriate
range in the dispersion-compensating module 10 as a whole.

Second Embodiment

A second embodiment of the dispersion-compensating
module according to the present invention will now be
explained. FIG. 5 is a view showing a schematic configu-
ration of the dispersion-compensating module according to
the second embodiment. This drawing shows, in addition to
the dispersion-compensating module 20 according to this
embodiment, a repeater 1 disposed upstream of the
dispersion-compensating module 20, and an optical trans-
mission line 2 between the repeater 1 and the dispersion-
compensating module 20.
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The dispersion-compensating module 20 according to this
embodiment has an input end 20z and an output end 20b,
and is disposed in a state where a dispersion-compensating
device and a loss-equalizing device are optically connected
to each other in the optical path between the input end 20a
and the output end 20b. In particular, the dispersion-
compensating module 20 is constituted by a dispersion-
compensating optical fiber 21, as the dispersion-
compensating device, and an optical fiber 23 formed with a
long-period fiber grating 22, as the loss-equalizing device,
which are fusion-spliced to each other by at a connecting
portion 24. The optical fiber 23 is preferably an SMF or
dispersion-compensating optical fiber having a zero-
dispersion wavelength in a 1.3-um wavelength band.

The dispersion-compensating optical fiber 21 is an optical
device for compensating for the chromatic dispersion in the
WDM signal wavelength band of the optical transmission
line into which the dispersion-compensating module 20 is
inserted. The long-period fiber grating 22 is obtained when
a refractive index change having a predetermined period is
generated in at least a core region of the optical fiber 23, in
which the period of refractive index change is a long period
on the order of several hundreds of micrometers, whereby
the core-mode light propagating through the core region and
the cladding-mode light radiated to the cladding region are
coupled together. By appropriately selecting the period of
refractive index change and length, the long-period fiber
grating 22 is designed such that, for example, the transmis-
sion loss at a wavelength of 1520 nm is minimized, while the
transmission loss at a wavelength of 1570 nm is maximized,
whereby wavelength-dependent loss deviations of the opti-
cal transmission line 2 and the dispersion-compensating
optical fiber 21 are compensated for.

Therefore, the wavelength dependence of the total loss in
the optical transmission line 2 and dispersion-compensating
module 20 is weaker than that of the loss deviation in each
of the dispersion-compensating optical fiber 21 and long-
period fiber grating 22. When the long-period fiber grating
22 is thus used as the loss-equalizing device, loss deviations
among individual signal light components can fall within an
appropriate range without greatly decreasing the transmis-
sion loss in the whole dispersion-compensating module 20.
Also, desirable transmission characteristics can easily be
obtained in a wide wavelength band. Here, the long-period
fiber grating 22 is an optical component which is clearly
distinguished from a short-period fiber grating which reflects
only a signal light component having a predetermined
wavelength (see U.S. Pat. No. 5,7031,978).

Since graphs showing the relationships between transmis-
sion loss and wave length in the dispersion-compensating
module 20 according to the second embodiment are similar
to FIGS. 2A to 2E, operations of the dispersion-
compensating module 20 according to this embodiment will
be explained with reference to these graphs.

As shown in FIGS. 2A and 2B, each of the optical
transmission line 2 and dispersion-compensating optical
fiber 21 has a transmission loss which becomes smaller as
the wavelength is longer in general in the wavelength band
of 1.53 um to 1.57 um, thus yielding a negative loss slope.
In contrast, as shown in FIG. 2C, the long-period fiber
grating 22, which is the loss-equalizing device, is designed
such that its transmission loss becomes greater as the
wavelength is longer, so as to be able to compensate for
wavelength-dependent loss; deviations in view of the loss
slopes of the optical transmission line 2 and dispersion-
compensating optical fiber 21.

Therefore, as shown in FIG. 2D, the total loss in the
dispersion-compensating module 20 is the sum of respective
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losses in the dispersion-compensating optical fiber 21 and
the long-period grating 22, and becomes greater as the
wavelength is longer in the wavelength band of 1.53 um to
1.57 um, thus yielding a positive loss slope. As shown in
FIG. 2E, the total loss in the optical transmission line 2 and
the dispersion-compensating module 20 is the sum of their
respective losses, and yields a deviation of 0.1 dB or less in
the wavelength band of 1.53 um to 1.57 um.

FIG. 6 is a graph showing an example of the loss
wavelength characteristic of a long-period fiber grating. For
making this long-period fiber grating, a silica-based optical
fiber having a stepped index type refractive index profile,
whose core region is doped with Ge element, is irradiated
with ultraviolet rays through an intensity-modulating mask,
so as to generate a refractive index modulation in the core
region. As shown in this graph, the loss slope of the
long-period fiber grating is positive in the wavelength band
of 1.53 um to 1.57 um. This loss slope can be adjusted by the
period of refractive index change and the grating length.

As mentioned in the foregoing, when the SMF is used as
the optical transmission line 2, the loss slope of the optical
transmission line 2 in the wavelength band of 1.53 um to
1.57 um is negative in this embodiment as well. Therefore,
if the loss slope of the whole dispersion-compensating
module 20 is set positive, then the total loss in the optical
transmission line 2 and dispersion-compensating module 20
can fall within an appropriate range.

Also, since the SMF employed as the optical transmission
line 2 has a loss slope per unit length (km) of about
-0.000175 dB/nm/km (=dB/(nm'km)) in the wavelength
band of 1.53 ym to 1.57 um, letting L (km) be the fiber
length of the optical transmission line 2, and o be the
absolute value of a permissible manufacturing error, the loss
slope (dB/nm) of the whole dispersion-compensating mod-
ule 20 in the wavelength band of 1.53 um to 1.57 um is
preferably a value which is greater than O but not greater
than 0.000175xL+a.

Here, the loss slope of the long-period grating 22 is
adjusted by appropriately setting the grating period and
length such that the loss slope of the whole dispersion-
compensating module 20 falls within the range mentioned
above in view of the loss slope of the dispersion-
compensating optical fiber 21.

Third Embodiment

Athird embodiment of the dispersion-compensating mod-
ule according to the present invention will now be explained.
FIG. 7 is a view showing a schematic configuration of the
dispersion-compensating module according to the third
embodiment. This drawing shows, in addition to the disper-
sion compensating module 30 according to this
embodiment, a repeater 1 disposed upstream of the
dispersion-compensating module 30, and an optical trans-
mission line 2 between the repeater 1 and the dispersion-
compensating module 30.

The dispersion-compensating module 30 according to this
embodiment has an input end 30z and an output end 30b,
and is disposed in a state where a dispersion-compensating
device and a loss-equalizing device are optically connected
to each other in the optical path between the input end 30a
and the output end 30b. In particular, the dispersion-
compensating module 30 is constituted by a dispersion-
compensating optical fiber 31, as the dispersion-
compensating device, and a long-period fiber grating 32, as
the loss-equalizing device, directly formed in the dispersion-
compensating optical fiber 31.

The dispersion-compensating optical fiber 31 is an optical
device for compensating for the chromatic dispersion in the
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WDM signal wavelength band of the optical transmission
line into which the dispersion-compensating module 30 is
inserted. The long-period fiber grating 32 is obtained when
a refractive index change having a predetermined period is
generated in at least a core region of the dispersion-
compensating optical fiber 31, in which the period of refrac-
tive index change is a long period on the order of several
hundreds of micrometers, whereby the core-mode light
propagating through the core region and the cladding-mode
light radiated to the cladding region are coupled together. By
appropriately selecting the period of refractive index change
and the length, the long-period fiber grating 32 is designed
such that, for example, the transmission loss at a wavelength
of 1520 nm is minimized, while the transmission loss at a
wavelength of 1570 nm is maximized, whereby wavelength-
dependent loss deviations of the optical transmission line 2
and dispersion-compensating optical fiber 31 are compen-
sated for.

Therefore, the total loss in the optical transmission line 2
and dispersion-compensating module 30 is the sum of the
transmission loss in the optical transmission line 2, the
original transmission loss in the dispersion-compensating
optical fiber 31, and the transmission loss in the formed
long-period fiber grating 32, thereby weakening the wave-
length dependence as a whole. When the long-period fiber
grating 32 is thus used as the loss-equalizing device, loss
deviations among individual signal light components can
fall within an appropriate range without greatly decreasing
the transmission loss in the whole dispersion-compensating
module 30. Also, desirable loss characteristics can easily be
obtained in a wide wavelength band. Further, in the third
embodiment, since the long-period fiber grating 32, as the
loss-equalizing device, is directly formed in the dispersion-
compensating optical fiber 31, there is no connecting portion
which may yield a loss, whereby it is unnecessary to take
account of the influence of the loss in the connecting portion.

FIGS. 8A to 8D are graphs showing relationships between
transmission loss and wavelength in the dispersion-
compensating module 30 according to the third embodi-
ment. FIG. 8A is a graph showing the relationship between
transmission loss and wavelength in a wavelength band of
1.53 um to 1.57 um in the optical transmission line 2
employing the SMF. FIG. 8B is a graph showing the
relationship between transmission loss and wavelength in
the wavelength band of 1.53 um to 1.57 wm in the
dispersion-compensating optical fiber 31 before the long-
period fiber grating 32 is formed. FIG. 8C is a graph
showing the relationship between transmission loss and
wavelength in the wavelength band of 1.53 um to 1.57 um
in the dispersion-compensating optical fiber 31 after the
long-period fiber grating 32 is formed, i.e., the relationship
between transmission loss and wavelength in the wavelength
band of 1.53 um to 1.57 um in the dispersion-compensating
module 30. FIG. 8D is a graph showing the total relationship
between transmission loss and wavelength in the wavelength
band of 1.53 um to 1.57 um in the optical transmission line
2 and dispersion-compensating module 30.

As shown in FIG. 8A, the optical transmission line 2 has
a transmission loss which becomes smaller as the wave-
length is longer in general in the wavelength band of 1.53
um to 1.57 um, thus yielding a negative loss slope. Also, as
shown in FIG. 8B., the dispersion-compensating optical
fiber 31 before the formation of the long-period fiber grating
32 has a transmission loss which becomes smaller as the
wavelength longer in general in the wavelength band of 1.53
um to 1.57 um, thus yielding a negative loss slope.

On the other hand, the long-period fiber grating 32 has a
loss which becomes greater as the wavelength is longer,
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thereby compensating for the original loss deviations among
individual wavelengths of the optical transmission line 2 and
dispersion-compensating optical fiber 31. As shown in FIG.
8C, the total loss in the dispersion-compensating optical
fiber 31 formed with the long-period fiber grating 32, i.e., the
whole dispersion-compensating module 30, is the sum of the
original transmission loss in the dispersion-compensating
optical fiber 31 and the transmission loss in the long-period
fiber grating 32, and has a positive loss slope in the wave-
length band of 1.53 um to 1.57 um. As shown in FIG. 8D,
the total loss in the optical transmission line 2 and the
dispersion-compensating module 30 is the sum of their
respective losses, and yields a deviation of 0.1 dB or less in
the wavelength band of 1.53 um to 1.57 um.

As mentioned in the foregoing, when the SMF is used as
the optical transmission line 2, the loss slope of the optical
transmission line 2 in the wavelength band of 1.53 um to
1.57 um is negative in this embodiment as well. Therefore,
if the loss slope of the whole dispersion-compensating
module 30 is set positive, then the total loss in the optical
transmission line 2 and dispersion-compensating module 30
can fall within an appropriate range.

Also, since the SMF employed as the optical transmission
line 2 has a loss slope per unit length (km) of about
-0.000175 dB/nm/km (=dB/(nm'km)) in the wavelength
band of 1.53 ym to 1.57 um, letting L (km) be the fiber
length of the optical transmission line 2, and o be the
absolute value of a permissible manufacturing error, the loss
slope (dB/nm) of the whole dispersion-compensating mod-
ule 30 in the wavelength band of 1.53 um to 1.57 um is
preferably a value which. is greater than O but not greater
than 0.000175xL+a.

Here, the loss slope of the whole dispersion-compensating
module 30 is adjusted by appropriately setting the grating
period and length of the long-period grating 32.

Fourth Embodiment

A fourth embodiment of the dispersion-compensating
module according to the present invention will now be
explained. FIG. 9 is a view showing a schematic configu-
ration of the dispersion-compensating module according to
the fourth embodiment. This drawing shows, in addition to
the dispersion compensating module 40 according to this
embodiment, a repeater 1 disposed upstream of the
dispersion-compensating module 40, and an optical trans-
mission line 2 between the repeater 1 and the dispersion-
compensating module 40.

The dispersion-compensating module 40 according to this
embodiment is constituted by a dispersion-compensating
optical fiber 41, as a dispersion-compensating device, and a
single-mode optical fiber 42 which are fusion-spliced to
each other at a fused portion (connecting portion) 43. In this
configuration, the dispersion-compensating optical fiber 41
is an optical device which compensates for the chromatic
dispersion in the signal light wavelength band of the optical
transmission line into which the dispersion-compensating
module 40 is inserted. Though the fused portion 43 gener-
ates a loss, its wavelength characteristic varies depending on
fusion conditions such as the heating temperature upon
fusion-splicing and the amount of intrusion of the fiber,
whereby the wavelength dependence of transmission loss in
the fused portion 43 can be adjusted by appropriately setting
these fusion conditions.

FIGS. 10A to 10C are views showing specific examples of
the dispersion-compensating module according to the fourth
embodiment. A specific structure of the fused portion 43 can
be realized when, as shown in FIG. 10A for example, the
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core region 41a of the dispersion-compensating optical fiber
41 and the core region 42a of the single-mode optical fiber
42 are fused together while their optical axes AX1, AX2 are
shifted from each other by a predetermined distance D. It
can also be realized when, as shown in FIG. 10B, the
dispersion-compensating optical fiber 41 and the single-
mode optical fiber 42 are fusion-spliced to each other while
each of the core region 41b of the dispersion-compensating
optical fiber 41 and the core region 42b of the single-mode
optical fiber 42 is minutely bent. Further, as shown in FIG.
10C, the core region 41c of the dispersion-compensating
optical fiber 41 and the core region 42¢ of the single-mode
optical fiber 42 may be configured so as to expand their
diameters toward the fused portion 43. These specific
examples can be combined. For example, in the fused
portion 43, the radius of bend of the core region may be
expanded, or structures of bending the core region may be
combined together. In each of these cases, the deviation of
total loss in the optical transmission line 2 and dispersion-
compensating module 40 can be kept at 0.1 dB or less in the
wavelength band of 1.53 um to 1.57 um.

Since graphs showing the relationships between transmis-
sion loss and wavelength in the dispersion-compensating
module 40 according to the fourth embodiment are similar
to FIGS. 2A to 2E, operations of the dispersion-
compensating module 40 will be explained with reference to
these graphs.

As shown in FIGS. 2A and 2B, each of the optical
transmission line 2 and dispersion-compensating optical
fiber 41 has a transmission loss which becomes smaller as
the wavelength is longer in general in the wavelength band
of 1.53 um to 1.57 um, thus yielding a negative loss slope.
In contrast, as shown in FIG. 2C, one of the amount of shift
of optical axes, amount o f bending of optical axes, and
expanded core diameter of the fused portion 43, which is the
loss-equalizing device, is designed such that its transmission
loss becomes greater as the wavelength is longer, so as to be
able, to effectively compensate for wavelength-dependent
loss deviations of the optical transmission line 2 and
dispersion-compensating optical fiber 41.

Therefore, as shown in FIG. 2D, the total loss in the
dispersion-compensating module 40 is the sum of respective
losses in the dispersion-compensating optical fiber 41 and
the fused portion 43, and becomes greater as the wavelength
is longer in the wavelength band of 1.53 ym to 1.57 um, thus
yielding a positive loss slope. As shown in FIG. 2E, the total
loss in the optical transmission line 2 and the dispersion-
compensating module 40 is the sum of their respective
losses, and yields a deviation of 0.1 dB or less in the
wavelength band of 1.53 um to 1.57 um.

FIG. 11 is a graph showing an example of the loss
wavelength characteristic of the fused portion. As shown in
this graph, the loss slope of this fused portion is positive in
the wavelength band of 1.53 um to 1.57 um. This loss slope
can be adjusted by the amount of shift of optical axes, the
amount of bending of optical axes, and the expanded core
diameter.

As mentioned in the foregoing, when the SMF is used as
the optical transmission line 2, the loss slope of the optical
transmission line 2 in the wavelength band of 1.53 um to
1.57 um is negative in this embodiment as well. Therefore,
if the loss slope of the whole dispersion-compensating
module 40 is set positive, then the total loss in the optical
transmission line 2 and the dispersion-compensating module
40 can fall within an appropriate range.

Also, since the SMF employed as the optical transmission
line 2 has a loss slope per unit length (km) of about
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-0.000175 dB/nam/km in the wavelength band of 1.53 um to
1.57 um, letting L (km) be the fiber length of the optical
transmission line 2, and o be the absolute value of a
permissible manufacturing error, the loss slope (dB/nm) of
the whole dispersion-compensating module 40 in the wave-
length band of 1.53 um to 1.57 um is preferably a value
which is greater than O but not greater than 0.000175xL+c.

Though the fusion connection between the dispersion-
compensating optical fiber 41 and the SMF 42 is explained
in the fourth embodiment, the configuration of the fused
portion 43 should not be restricted thereto. For example, an
SMF may be used in place of the dispersion-compensating
optical fiber 41, and a dispersion-compensating optical fiber
or other optical fibers may be used in place of the SMF 42.
In any case, if the wavelength dependence of transmission
loss in the fused portion therebetween is adjusted, then the
wavelength dependence of the total loss in the optical
transmission line and dispersion-compensating module can
be weakened.

Fifth Embodiment

A fifth embodiment of the dispersion-compensating mod-
ule according to the present invention will now be explained.
FIG. 12 is a view showing a schematic configuration of the
dispersion-compensating module according to the fifth
embodiment. This drawing shows, in addition to the
dispersion-compensating module 50 according to this
embodiment, a repeater 1 disposed upstream of the
dispersion-compensating module 50, and an optical trans-
mission line 2 between the repeater 1 and the dispersion-
compensating module 50.

The dispersion-compensating module 50 according to this
embodiment is disposed in a state where a dispersion-
compensating device and a loss-equalizing device are opti-
cally connected to each other in the optical path between an
input end 50a and an output end 50b. Specifically, this
embodiment comprises a dispersion-compensating optical
fiber 51 as the dispersion-compensating device and a fiber
fusion type coupler (WDM coupler) 52 as the loss-
equalizing device. The WDM coupler 52 preferably has a
polarization-dependent loss (PDL) of 0.2 dB or less.

The dispersion-compensating optical fiber 51 is an optical
device which compensates for the chromatic dispersion in
the WDM signal wavelength band of the optical transmis-
sion line into which the dispersion-compensating module 50
is inserted. The WDM coupler 52 is obtained by fusing
together two optical fibers disposed in parallel; and, its
fusion conditions and coupling length are appropriately
selected such that, for example, the transmission loss at a
wavelength of 1520 nm is minimized, while the transmis-
sion loss at a wavelength of 1570 nm is maximized, whereby
wavelength-dependent loss deviations of the optical trans-
mission line 2 and dispersion-compensating optical fiber 51
are compensated for. As a consequence, the wavelength
dependence of the total loss in the optical transmission line
2 and dispersion-compensating module 50 is weakened as a
whole.

Since graphs showing the relationships between transmis-
sion loss and wavelength in the dispersion-compensating
module 50 according to the fifth embodiment are similar to
FIGS. 2A to 2E, operations of the dispersion-compensating
module 50 will be explained with reference to these graphs.;

As shown in FIGS. 2A and 2B, each of the optical
transmission line 2 and dispersion-compensating optical
fiber 51 has a transmission loss which becomes smaller as
the wavelength is longer in general in the wavelength band
of 1.53 um to 1.57 um, thus yielding a negative loss slope.
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In contrast, as shown in FIG. 2C, the fusion conditions and
coupling length of the WDM coupler 52, which is the
loss-equalizing device, are designed such that its transmis-
sion loss becomes greater as the wavelength is longer, so as
to be able to effectively compensate for wavelength-
dependent loss deviations of the optical transmission line 2
and dispersion-compensating optical fiber 51.

Therefore, as shown in FIG. 2D, the total loss in the
dispersion-compensating module 50 is the sum of respective
losses in the dispersion-compensating optical fiber 51 and
the WDM coupler 52, and becomes greater as the wave-
length is longer in the wavelength band of 1.53 um to 1.57
um, thus yielding a positive loss slope. As shown in FIG. 2E,
the total loss in the optical transmission line 2 and the
dispersion-compensating module 50 is the sum of their
respective losses, and yields a deviation of 0.1 dB or less in
the wavelength band of 1.53 um to 1.57 um.

As mentioned in the foregoing, when the SMF is used as
the optical transmission line 2, the loss slope of the optical
transmission line 2 in the wavelength band of 1.53 um to
1.57 um is negative in this embodiment as well. Therefore,
if the loss slope of the whole dispersion-compensating
module 50 is set positive, then the total loss in the optical
transmission line 2 and dispersion-compensating module 50
can fall within an appropriate range.

Also, since the SMF employed as the optical transmission
line 2 has a loss slope per unit length (km) of about
-0.000175 dB/nm/km (=dB/(nm'km)) in the wavelength
band of 1.53 um to 1.57 um, letting L (km) be the fiber
length of the optical transmission line 2, and o be the
absolute value of a permissible manufacturing error, the loss
slope (dB/nm) of the whole dispersion-compensating mod-
ule 50 in the wavelength band of 1.53 um to 1.57 um is
preferably a value which is greater than O but not greater
than 0.000175xL+a.

Here, the loss slope of the WDM coupler 52 is adjusted by
appropriately setting the fusion conditions and coupling
length such that the loss slope of the whole dispersion-
compensating module 50 falls within the range mentioned
above in view of the loss slope of the dispersion-
compensating optical fiber 51.

Sixth Embodiment

Assixth embodiment of the dispersion-compensating mod-
ule according to the present invention will now be explained.
FIG. 13 is a view showing a schematic configuration of the
dispersion-compensating module according to the sixth
embodiment. This drawing shows, in addition to the
dispersion-compensating module 60 according to this
embodiment, a repeater 1 disposed upstream of the
dispersion-compensating module 60, and an optical trans-
mission line 2 between the repeater 1 and the dispersion-
compensating module 60.

The dispersion-compensating module 60 according to this
embodiment has an input end 60a and an output end 60b,
and is disposed in a state where a dispersion-compensating
device and a loss-equalizing device are optically connected
to each other in the optical path between the input end 60a
and the output end 60b. In particular, the dispersion-
compensating module 60 is constituted by a dispersion-
compensating optical fiber 61, as the dispersion-
compensating device, and an optical fiber 63 having a bent
portion 62, as the loss-equalizing device, which are fusion-
spliced to each other at a connecting portion 64. The optical
fiber 63 is preferably an SMF or dispersion-compensating
optical fiber having a zero-dispersion wavelength in a 1.3-
um wavelength band. It is also preferable that the optical
fiber 63 be common with the dispersion-compensating opti-
cal fiber 61.
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The dispersion-compensating optical fiber 61 is an optical
device for compensating for the chromatic dispersion in the
WDM signal wavelength band of the optical transmission
line into which the dispersion-compensating module 60 is
inserted. In the bent portion 62, a plurality of parts of the
optical fiber 63 are bent at a predetermined curvature over a
predetermined length. The bent portion 62 is designed by
appropriately selecting the length and curvature such that,
for example, the transmission loss at a wavelength of 1520
nm is minimized, while the transmission loss at a wave-
length of 1570 nm is maximized, whereby wavelength-
dependent loss deviations of the optical transmission line 2
and dispersion-compensating optical fiber 61 are compen-
sated for. As a consequence, the wavelength dependence of
the total loss in the optical transmission line 2 and
dispersion-compensating module 60 is weaker than that of
the respective loss deviations of the dispersion-
compensating optical fiber 61 and the bent portion 62.

Since graphs showing the relationships between transmis-
sion loss and wavelength in the dispersion-compensating
module 60 according to the sixth embodiment are similar to
FIGS. 2A to 2E, operations of the dispersion-compensating
module 60 will be explained with reference to these graphs.

As shown in FIGS. 2A and 2B, each of the optical
transmission line 2 and dispersion-compensating optical
fiber 61 has a transmission loss which becomes smaller as
the wavelength is longer in general in the wavelength band
of 1.53 um to 1.57 um, thus yielding a negative loss slope.
In contrast, as shown in FIG. 2C, the bent portion 60, which
is the loss-equalizing device, is designed such that its
transmission loss becomes greater as the wavelength is
longer, so as to be able to effectively compensate for
wavelength-dependent loss deviations of the optical trans-
mission line 2 and dispersion-compensating optical fiber 61.

Therefore, as shown in FIG. 2D, the total loss in the
dispersion-compensating module 60 is the sum of respective
losses in the dispersion-compensating optical fiber 61 and
the bent portion 62, and becomes greater as the wavelength
is longer in the wavelength band of 1.53 ym to 1.57 um, thus
yielding a positive loss slope. As shown in FIG. 2E, the total
loss in the optical transmission line 2 and the dispersion-
compensating module 60 is the sum of their respective
losses, and yields a deviation of 0.1 dB or less in the
wavelength band of 1.53 um to 1.57 um.

As mentioned in the, foregoing, when the SMF is used as
the optical transmission line 2, the loss slope of the optical
transmission line 2 in the wavelength band of 1.53 um to
1.57 um is negative in this embodiment as well. Therefore,
if the loss slope of the whole dispersion-compensating
module 60 is set positive, then the total loss in the optical
transmission line 2 and dispersion-compensating module 60
can fall within an appropriate range.

Also, since the SMF employed as the optical transmission
line 2 has a loss slope per unit length (km) of about
-0.000175 dB/nm/km (=dB/(nm'km)) in the wavelength
band of 1.53 ym to 1.57 um, letting L (km) be the fiber
length of the optical transmission line 2, and o be the
absolute value of a permissible manufacturing error, the loss
slope (dB/nm) of the whole dispersion-compensating mod-
ule 60 in the wavelength band of 1.53 um to 1.57 um is
preferably a value which is greater than O but not greater
than 0.000175xL+a.

Here, the loss slope of the whole dispersion-compensating
module 60 is, set by appropriately setting the length and
curvature of the bent portion 62 so as to adjust the loss slope
of the bent portion 62.
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In each of the above-mentioned first to sixth
embodiments, either the dispersion-compensating device or
the loss-equalizing device may be disposed upstream of the
other. In view of influences of nonlinear optical phenomena
(four-wave mixing in particular), however, it is preferable
that the loss-equalizing device be disposed upstream of the
dispersion-compensating device. Namely, as a consequence,
signal light enters the dispersion-compensating device after
incurring a loss due to the loss-equalizing device, whereby
nonlinear optical phenomena such as four-wave mixing and
the like are effectively restrained from occurring.

In accordance with the present invention, as explained in
the foregoing, the dispersion of the optical transmission line
in the wavelength band of 1.53 um to 1.57 um is compen-
sated for by the dispersion-compensating device, whereas
the loss deviations of the optical transmission line and
dispersion-compensating device in the wavelength band of
1.53 um to 1.57 um are compensated for by the loss-
equalizing device. Namely, not only the dispersion of the
optical transmission line is compensated for, but also the
wavelength dependence of the total loss in the optical
transmission line and dispersion-compensating module is
weaker. As a consequence, the intensity level deviations
among individual wavelengths of the WDM signal reaching
the receiving station are small, and each wavelength com-
ponent of the WDM signal reaches the receiving station with
a sufficient intensity level and SN ratio, whereby no recep-
tion error occurs in the receiving station.

In particular, since the dispersion-compensating module
as a whole has a positive loss slope in the wavelength band
of 1.53 um to 1.57 um with respect to an optical transmission
line made of an SMF having a zero-dispersion wavelength
in the wavelength band of 1.3 um (whereas the optical
transmission line has a negative loss slope in the wavelength
band of 1.53 um to 1.57 um), the total loss in the optical
transmission line and dispersion-compensating module can
fall within an appropriate range.

Also, letting L (km) be the fiber length of the optical
transmission line, and o be the absolute value of a permis-
sible manufacturing error, the loss slope (dB/nm) of the
dispersion-compensating module in the wavelength band of
1.53 um to 1.57 um is a value which is greater than 0 but not
greater than 0.000175xL+a. Since the optical transmission
line made of an SMF having a zero-dispersion wavelength
in the wavelength band of 1.3 um is about -0.000175
dm/nm/km in the wavelength band of 1.53 um to 1.57 um;
even if the loss slope of the optical transmission line in the
wavelength band of 1.53 um to 1.57 um has a fluctuation, the
total loss in the optical transmission line and dispersion-
compensating module can fall within an appropriate range
when the loss slope of the whole dispersion-compensating
module is set to a value within the range mentioned above.

From the invention thus described, it will be obvious that
the invention may be varied in many ways. Such variations
are not to be regarded as a departure from the spirit and
scope of the invention, and all such modifications as would
be obvious to one skilled in the art are intended for inclusion
within the scope of the following claims.

The basic Japanese Applications No. 343115/1998 filed
on Dec. 2, 1998 is hereby incorporated by reference.

What is claimed is:

1. A dispersion-compensating module to be installed at a
predetermined position on an optical transmission line hav-
ing a predetermined length, said dispersion-compensating
module having a positive loss slope in a 1.55-um wavelength
band and constituting a part of said optical transmission line,
said dispersion-compensating module comprising:
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a dispersion-compensating device for compensating for
the dispersion of said optical transmission line in the
1.55-um wavelength band; and

a loss-equalizing device for adjusting the total loss slope
of said optical transmission line including said
dispersion-compensating module such that a loss
deviation between individual signal wavelengths in the
1.55-um wavelength band caused by propagation in
said optical transmission line and dispersion-
compensating device falls within an appropriate range,

wherein said loss-equalizing device includes an optical
fiber formed with a long-period grating in which a
propagation mode and a radiation mode are coupled to
each other.

2. A dispersion-compensating module according to claim

1, wherein said dispersion-compensating device includes
said loss equalizing device.

3. A dispersion-compensating module to be installed at a
predetermined position on an optical transmission line hav-
ing a predetermined length, said dispersion-compensating
module having a positive loss slope in a 1.55-um wavelength
band and constituting a part of said optical transmission line,
said dispersion-compensating module comprising:

a dispersion-compensating device for compensating for
the dispersion of said optical transmission line in the
1.55-um wavelength band; and

a loss-equalizing device, which has no structure for pro-
viding a gain, for adjusting the total loss slope of said
optical transmission line including said dispersion-
compensating module such that a loss deviation
between individual signal wavelengths in the 1.55-um
wavelength band caused by propagation in said optical
transmission line and dispersion-compensating device
falls within an appropriate range,

wherein said loss-equalizing device consists of an optical
fiber comprising a core region doped with a transition
metal, and a cladding region disposed at an outer
periphery of said core region; said optical fiber securing
a single mode in the 1.55-um wavelength band.

4. A dispersion-compensating module to be installed at a
predetermined position on an optical transmission line hav-
ing a predetermined length, said dispersion-compensating
module having a positive loss slope in a 1.55-um wavelength
band and constituting a part of said optical transmission line,
said dispersion-compensating module comprising:

a dispersion-compensating device for compensating for
the dispersion of said optical transmission line in the
1.55-um wavelength band; and

a loss-equalizing device for adjusting the total loss slope
of said optical transmission line including said
dispersion-compensating module such that a loss
deviation between individual signal wavelengths in the
1.55-um wavelength band caused by propagation in
said optical transmission line and dispersion-
compensating device falls within an appropriate range,

wherein said loss-equalizing device includes a fused
portion obtained by fusion-splicing respective end por-
tions of a pair of optical fibers,

wherein respective optical axes of said pair of optical
fibers are shifted from each other in said fused portion.

5. A dispersion-compensating module to be installed at a
predetermined position on an optical transmission line hav-
ing a predetermined length, said dispersion-compensating
module having a positive loss slope in a 1.55-um wavelength
band and constituting a part of said optical transmission line,
said dispersion-compensating module comprising:
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a dispersion-compensating device for compensating for
the dispersion of said optical transmission line in the
1.55-um wavelength band; and

a loss-equalizing device for adjusting the total loss slope
of said optical transmission line including said
dispersion-compensating module such that a loss
deviation between individual signal wavelengths in the
1.55-um wavelength band caused by propagation in
said optical transmission line and dispersion-
compensating device falls within a appropriate range,

wherein said loss-equalizing device includes a fused
portion obtained by fusion-splicing respective end por-
tions of a pair of optical fibers,

wherein respective core regions of said pair of optical
fibers are bent in said fused portion.

6. A dispersion-compensating module to be at installed at
a predetermined position on an optical transmission line
having a predetermined length, said dispersion-
compensating module having a positive loss slope in a
1.55-um wavelength band and constituting a part of said
optical transmission line, said dispersion-compensating
module comprising:

a dispersion-compensating device for compensating for
the dispersion of said optical transmission line in the
1.55-um wavelength band; and

a loss-equalizing device for adjusting the total loss slope
of said optical transmission line including said
dispersion-compensating module such that a loss
deviation between individual signal wavelengths in the
1.55-um wavelength band caused by propagation in
said optical transmission line and dispersion-
compensating device falls within an appropriate range,

wherein said loss-equalizing device includes a fused
portion obtained by fusion-splicing respective end por-
tions of a pair of optical fibers,

wherein said pair of optical fibers have respective core
regions each having an outside diameter expending
toward said fused portion.

7. A dispersion-compensating module to be installed at a
predetermined position on an optical transmission line hav-
ing a predetermined length, said dispersion-compensating
module having a positive loss slope in a 1.55-um wavelength
band and constituting a part of said optical transmission line,
said dispersion-compensating module comprising:

a dispersion-compensating device for compensating for
the dispersion of said optical transmission line in the
1.55-um wavelength band; and

a loss-equalizing device for adjusting the total loss slope
of said optical transmission line including said
dispersion-compensating module such that a loss
deviation between individual signal wavelengths in the
1.55-um wavelength band caused by propagation in
said optical transmission line and dispersion-
compensating device falls within an appropriate range,

wherein said loss-equalizing device includes a fiber cou-
pler.

8. A dispersion-compensating module to be installed at a
predetermined position on an optical transmission line hav-
ing a predetermined length, said dispersion-compensating
module having a positive loss slope in a 1.55-um wavelength
band and constituting a part of said optical transmission line;
said dispersion-compensating module comprising:

a dispersion-compensating device for compensating for

the dispersion of said optical transmission line in the
1.55-um wavelength band; and
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a loss-equalizing device, which has no structure for pro- wherein said loss-equalizing device consists of an optical
viding a gain, for adjusting the total loss slope of said fiber bent at one or more parts thereof, each of said
optical transmission line including said dispersion- parts having a curvature adjusted such that the wave-

compensating module such that a loss deviation
between individual signal wavelengths in the 1.55-um 5
wavelength band caused by propagation in said optical
transmission line and dispersion-compensating device
falls within an appropriate range,

length dependence of the total loss slope becomes
weaker.



